With the growing awareness and availability of proper screening methods, detection of breast lump is increasing globally and is now a very sensitive issue for females. The treatment of these lumps ranges from lumpectomy to wide local excision to mastectomy; hence, a proper diagnosis is very important to prevent under-or overtreatment in patients. Breast lesions are the heterogeneous diseases encompassing several distinct entities with remarkably different characteristics. While the more common forms of breast cancers are well recognized and understood better, there are many important unusual lesions and malignancies that are less known and less appreciated and can be challenging to diagnose. In such cases, due to rarity of the disease and lack of adequate treatment protocol, managing the patients can be a challenging task for surgeons and oncologist as well. In this article, we have shared our institutional experience in unusual breast lesions with emphasis on diagnostic as well as management challenges faced.
Introduction
Breast lesions have gained importance globally due to significant increase in mortality and morbidity caused by breast cancer, which is now one of the leading causes of death worldwide. As a result of increasing awareness and diagnosis, lump in the breast is now a very sensitive matter for females. Earlier, cervical cancer was most common cancer in Indian woman, but now, the incidence of breast cancer has surpassed cervical cancer in urban areas and has become the leading cause of cancer associated deaths in females nationwide [1, 2] . Timely and accurate diagnosis can be not only helpful in early management of this disease but also alleviates anxiety and psychological stress in these patents.
Breast neoplasm is heterogeneous in nature and benign breast lesions are more common than malignant tumors [3, 4] . Fine needle aspiration cytology and core needle biopsy are the primary diagnostic modalities based on which the management of the patient is planned. Most of the time there are no diagnostic issues; however, certain rarer neoplasm may place a diagnostic challenge thereby causing a dicey situation for the surgeons to plan the management of the patients.
The aim of our study is to present our institutional experience in breast pathology with special emphasis on certain less encountered/ rarer entities and the diagnostic challenges faced during their histopathological and cytological evaluation along with the challenges faced by surgeons and oncologist in their management.
Material and Methods
This is a retrospective descriptive study including all the patients who visited the Department of Endocrine and Breast Surgery (between June 2016 and December 2017) with a breast lump and were referred to our unit in Department of Pathology for fine needle aspiration cytology and/ or histopathological evaluation. Clinical data as well as pathological details were retrieved from the pathology registers and clinical files. Uncommon and interesting lesions identified were studied in detail and described in result section of this article.
As per our protocol, all patients with a breast lump first undergoes fine needle aspiration. If they are diagnosed as malignant or suspicious of malignancy, further core needle biopsy is performed, and later, lumpectomy/modified radical mastectomy is performed in resectable cases with adjuvant chemotherapy, whenever needed radiotherapy and hormonal therapy or without chemotherapy. All the cytological smears prepared were stained with May Grunwald Giemsa and all the cases were reviewed. They were reported, as per IAC Standardized Reporting of Breast Fine-Needle Aspiration Biopsy Cytology. The biopsies/resection specimens were processed and tissue was stained with hematoxylin and eosin stain for histopathological evaluation and was reported as per the College of American Pathologist (CAP) protocol for reporting breast lesions.
Results
Four hundred forty-two patients were evaluated histopathologically for various breast pathologies in the Department of Pathology, King George's Medical University between June 2016 and September 2017. Age ranged from 14 to 83 years with mean age of 48.5 years with female predominance. Only 13 male patients were there and majority of them presented with gynecomastia. However, there were three male patients with breast cancer. Cytological correlation was available in 195 cases. There were 274 malignant lesions in which infiltrating duct carcinoma was the commonest diagnosis followed by phyllodes neoplasm. There were 168 benign lesions with fibroadenoma being the most common. The histopathological spectrum of breast lesions is shown in Table 1 . There were six very unusual cases including one case each of desmoid tumor, vascular malformation, primary osteosarcoma, carcinoma en cuirasse, and two cases of diffuse large B cell lymphoma. These cases are described below.
Case 1
A 30-year-old female patient presented with a painless progressive lump in the right breast measuring 7 × 6 cm in size for 1 year with rapid increase in the last 2 months. There was a history of previous excision of this lump; however, the histopathological reports were not available. No axillary lymphadenopathy was present. USG breast using highresolution linear probe showed a solid hypoechoic mass in the mammary layer in the right superior quadrant. Fine needle aspiration was performed and smears were paucicellular in spite of repeated aspiration showing occasional very small clusters of spindle-shaped cells with elongated nuclei. A possibility of benign phyllodes was considered. Later, a core needle biopsy was performed which also showed sheets of spindle-shaped cells. No mitosis, necrosis, or significant pleomorphism were identified. No epithelial component was identified in the material (Fig. 1a) . A differential diagnosis of benign phyllodes neoplasm and fibromatosis/desmoid tumor was considered; hence, IHC was performed. On immunohistochemistry, the cells showed diffuse cytoplasm positivity for vimentin and smooth muscle actin (Fig. 1b, c) and were negative for cytokeratin, CD34, CD68, and p63. Ki 67 index was 1-2. Later, wide local excision was performed, and in spite of extensive grossing, no intrinsic epithelial component was identified. There was absence of significant stromal atypia, mitosis, necrosis, etc. Hence, with all these features in mind, a final diagnosis of fibromatosis/desmoid tumor breast was given. All the surgical resections' margins were histopathologically negative. The patient was in follow-up for 15 months and recently has again presented with recurrence.
Case 2
A 60-year-old lady presented with a rapidly increasing lump in the left breast for 6 months. On examination, the lump was hard with restricted mobility and fixed to overlying skin as well and was associated with axillary lymphadenopathy. The patient underwent left lumpectomy 3 months back in an outside hospital where it was reported as phyllodes neoplasm. Mammogram revealed an extremely dense (type D as per ACR classification for breast density) ill-defined mass with large areas of macro calcification abutting the underlying muscles. It was categorized as BIRADS 6. CT scan showed that the underlying bone was free and there was no continuation between them and the mass. Fine needle aspiration cytology from the lump was hemorrhagic with few clusters of spindly shaped atypical cells with pleomorphic nuclei. These smears 
were reported as positive for malignancy and differential diagnosis of phyllodes neoplasm possibly malignant, metaplastic carcinoma, and primary sarcoma was considered. In view of presence of infiltration and axillary lymphadenopathy, clinically, the infiltrating ductal carcinoma was considered and later left MRM was performed. Grossly, whole of the breast was replaced by a very hard and brittle mass which was difficult to cut (Fig. 2a) . The sections showed a high-grade spindle-shaped osteoid-producing cells along with presence of variable amount of osteoid material (Fig. 2b, c) . The case was diagnosed as primary osteosarcoma of breast which was infiltrating the pectoralis muscles. Ten axillary lymph nodes were dissected and all showed presence of reactive lymphoid hyperplasia with no evidence of metastatic tumor deposits. The tumor cells showed diffuse positivity for vimentin and osteopontin and were negative for cytokeratin (Fig. 3 ). The post op period was unremarkable. Due to the aggressive tumor biology, in spite of all multimodality treatment, she developed local recurrence in form of multiple skin nodules 1 year after the treatment, and few months later succumbed to the disease.
Case 3
A 35-year-old female with a history of breast lump excision followed by three cycles of chemotherapy presented with a recurrent painless progressive lump in the right breast which was 7 × 5 cm. Being from a rural background, previous reports were not available. USG revealed a lobulated hypoechoic mass with heterogeneous texture and irregular outline along with presence of areas of necrosis. FNAC smears were positive for atypical cells. Core needle biopsy showed a malignant epithelial component along with sarcomatous component. Modified radical mastectomy was planned which histopathologically displayed a neoplasm with sarcomatous component and large areas of necrosis (Fig. 4) . On immunohistochemistry, the sarcomatous component co expressed both cytokeratin and vimentin (Fig. 4) . Tumor cells were negative for estrogen receptor, progesterone receptor as well as Her2 neu. Hence, the patient was finally diagnosed as a case of metaplastic carcinoma breast. There was absence of any nodal metastasis. The patient is presently in follow-up and free of any recurrences.
Case 4
A 40-year-old female presented with papular, scaly, and confluent lesions over bilateral breast for 6 months which was also associated with swelling of right arm (Fig. 5) . The skin over bilateral breast was thickened and breast volume was also decreased. Initially, the patient was evaluated for dermatological condition where excision skin biopsy was done from bilateral breast. No underlying breast lump was detected clinically or radiologically. The section showed infiltration of Fig. 1 underlying dermis predominantly by singly scattered population of atypical cells. These atypical cells show high nucleocytoplasmic ratio, moderately pleomorphic, hyper chromatic nuclei, coarse chromatin, conspicuous nucleoli, and moderate amount of cytoplasm; the surrounding stroma showed myxoid changes. Overlying skin was free of any tumor infiltration (Fig. 5 ). These atypical cells were immunohistochemically negative for estrogen receptor and progesterone receptor, however showed membranous positivity for Her2 neu thereby confirming a mammary origin (Fig.  5 ). Leucocyte common antigen was also performed to rule out cutaneous lymphoma, which was not expressed on tumor cells. Hence, with all these features, the lesions were finally diagnosed as carcinoma en cuirasse. The patient was then referred to the Oncology Department for chemotherapy.
Case 5
A 50-year-old female presented with a 5-month history of painless lump in the right breast. There was no skin edema, retraction, or nipple discharge. The lesion was associated with axillary lymphadenopathy. Mammography and ultrasonography were suggestive of breast cancer with nodal metastasis. Fine needle aspiration revealed a singly scattered population of medium to large size round cells with high n/c, dispersed chromatin, inconspicuous nucleoli, and scant cytoplasm (Fig. 6 ). Core needle biopsy was also performed which showed infiltration by similar types of atypical cells (Fig. 6) . On immunohistochemical analysis, these cells showed diffuse cytoplasmic positivity for leucocyte common antigen, CD20, bcl-2, and CD79a (Fig. 6 ). The proliferation index was 75%.
Hence, a final diagnosis of primary non-Hodgkin's lymphoma (diffuse large B cell type) was made.
Case 6
A 35-year-old lady presented with a left side breast skin irregularity, pain, and fullness of 1 year duration. On examination, there was tortuosity in subcutaneous venous channels along with absence of distinct lump or axillary lymphadenopathy (Fig. 7) . Ultrasound showed multiple anechoic channels scattered diffusely throughout the breast with color flow noted and spectral pattern showed both arterial and venous pattern within channels. CT angiography was done which confirmed arteriovascular malformation (Fig. 7) . Simple mastectomy was planned in view of large size of the lesion. Grossly, a large reddish brown area measuring 11 × 8.5 × 7 cm was identified at a distance of 2 cm from the overlying skin. Microscopy revealed arteries and veins of variable caliber (Fig. 7) . Hence, the lesion was histologically confirmed as 
Discussion
Breast lesions are the leading cause of morbidity and mortality among women worldwide with few cases being reported in males [5, 6] . Due to lack of breast screening practice in developing nations, patients present with palpable lumps. However, there are more benign breast lesions than the malignant breast lesions [3, 4, 6] . In the malignant category, there are more than dozen variants which are less common but still very well defined by the World Health Organization (WHO) classification [7] . They comprises less than 10% of the breast tumors. They have diverse biological behavior. So it is important to know their main characteristics in order to make the best treatment choice and foresee prognosis [5, 8] . The same is true for unusual lesion in benign and intermediate category. Hence, below, we describe the diagnostic entities encountered in our setting with special emphasis on various diagnostic and clinical challenges faced along with management issues.
(a) Fibromatosis/desmoid tumor breast Fibromatosis, also known as desmoid tumor of breast, is an extremely rare entity, constituting < 0.2% of breast tumor and is characterized by clonal proliferation of fibroblasts [9] . Some have suggested that this entity arises de novo from within the breast parenchyma itself while others have suggested that it arises de novo from the aponeurosis overlying the pectoralis major muscle [10] . It is not known to have a metastatic potential, but finite recognition of this entity is mandatory to avoid local recurrence due to inadequate excision [11] . Clinically, it may mimic malignancy due to presence of nipple retraction at times or due to rapid aggressive growth in an infiltrative manner. Radiological evaluation also raises a suspicion because fibromatosis is known to have irregular shape and speculated margins and is often radiologically categorized as BIRADS-4 [12] . Both on fine needle aspiration cytology as well as core needle biopsy possibility of phyllodes and metaplastic carcinoma may not be ruled out. Thus, a proper diagnosis is very important as fibromatosis is known to recur and hence require wide local excision/tamoxifen. It may histologically resemble certain other benign mesenchymal lesions like nodular fasciitis, myofibroblastic tumor, etc. and that is where the role of IHC comes [12] . Table 1 shows the characteristic markers to differentiate these conditions.
On IHC, both phyllodes and fibromatosis have a similar profile but phyllodes will also have interspersed benign ductal component which will be missing in fibromatosis. However, there may still be difficulty in arriving at a diagnosis in a core needle biopsy due to limited material. Fortunately, wide local excision is the treatment of choice of both these entities. However, differentiating it from malignancy is in fact very crucial, to prevent an overtreatment in the patients.
(b) Primary osteosarcoma breast
Primary osteosarcoma of breast is an infrequent and highly aggressive neoplasm of breast and constitutes < 1% of primary breast malignancies such that only~150 cases have been described in the last 60 decades [13, 14] . It arises either from totipotent mesenchymal cells of breast stroma or as a transformation from pre-existing fibroadenoma or phyllodes tumor [15] . The mean age of breast osteosarcoma is more than the conventional skeletal osteosarcomas [16, 17] . Proper clinical features and treatment protocol are not clear due to rarity of this entity. Usually, any sarcoma is treated with wide local excision with negative margins; however, for breast osteosarcoma, some authors have reported that the optimal treatment should be mastectomy as wide local excisions seem to be complicated by recurrences and documented positive margins after WLE [15, 17] . Breast osteosarcoma has a propensity for hematogenous spread instead of lymphatic spread. Axillary lymphadenopathy may be present but usually turns out to be reactive as seen in our case, and in such scenario, axillary lymph node dissection can be considered unnecessary [15] . However, when present, misleads the clinician/surgeons for the possibility of primary sarcoma breast, infiltrating duct carcinoma, or sarcomatoid carcinoma which often require lymph node dissection for adequate management. Osteosarcoma breast can arise from pre-existing benign lesions like fibroadenoma and benign phyllodes as seen in our case which developed in a background of phyllodes. Histomorphologically, osteoid metaplasia can be seen in metaplastic carcinoma, phyllodes, and fibroadenoma. However, proper history, histopathological evaluation, along with certain immunohistochemical markers can help in differentiating these entities as shown in Table 2 . It is very important to differentiate these entities as the management is quite different. Phyllodes neoplasm is surgically managed by wide local excision where metaplastic carcinoma is treated as per the treatment protocol for infiltrating duct carcinoma which includes [18, 19] . The management as well as prognosis of this entity is largely unknown. As compared to IDC, they are larger, more aggressive, of higher grade with less hormone receptor positivity, less involvement of regional lymph node but higher potential of hematogenous spread as well as increased risk of tumor recurrence and hence worst overall prognosis [20, 21] . Mammographic and sonographic findings of MCB can be similar to IDC and benign lesions like fibromatosis. Histopathological mimickers of MCB include myoepithelial carcinoma breast, phyllodes, primary breast sarcoma, nodular fasciitis, and fibromatosis [22] . It is important to differentiate it from phyllodes, fibromatosis, and nodular fasciitis as the treatment in these entities is isomer conservative as compared to that of MCB which require mastectomy with lymph node dissection with or without chemo-or radiotherapy.
(d) Carcinoma en cuirasse
Carcinoma en cuirasse is a form of metastatic cutaneous carcinoma characterized by diffuse sclerodermoid induration of the skin which usually appears in cases of local recurrence after mastectomy. This form of cutaneous metastasis is rarely found to be associated with adenocarcinomas of the lung, kidney, or gastrointestinal tract [23] . Its incidence varies from 0.7-9% and is characterized by dissemination of carcinoma cells along tissue spaces or through lymphatic [24] . It is extremely rare to see it as the first feature of carcinoma breast [23] . Our case is rare in the context that the first presenting feature of our patient was the cutaneous metastasis, which was initially diagnosed clinically as some dermatological condition. Skin metastasis when present as the initial symptoms may be confused as some dermatological conditions, as in our case, like erysipelas and herpes zoster eruption or a cutaneous lymphoma [23] . In breast carcinoma with skin metastasis presents as advanced tumor and shows very poor prognosis; hence, skin duration of long duration (months to years) is to be thoroughly investigated particularly in elderly patients. As a result of induration of the skin and subcutaneous tissue of the affected mammary gland reliable and thorough deep palpation may not be possible; hence, it should be accompanied by radiological examination for underlying breast lump. IHC phenotype specific to the tumors originating from the mammary tissue can be confirmed by using Her2 neu. Not much data are available on treating BC metastases to the skin; therefore, treatment options used in managing all types of BC metastases are preferred. Surgical methods are usually avoided as CMs are frequently a sign of an advanced process [23] . Miltefosine, a topical cytostatic, was employed in the treatment of patients with various forms of CMs with minor results [25] . No particular drug is advised for chemotherapy of CMs exclusively. Hence, clinicians should perform skin biopsy as it is an easily obtainable source of material for histologic verification and other assessments (e.g., IHC, PCR), thereby helpful in establishing the diagnosis and selecting proper treatment modality. Early and accurate recognition allows treating the spread of the cancer at the earliest possible stage to improve survival [23] .
(e) Primary breast lymphoma PBL is defined as a malignant lymphoma primarily occurring in the breast in absence of previously detected lymphoma localization. It is a very rare disease and accounts for 0.04-0.5% of all breast malignancies [26] . Majority (80%) are B cells with most common histological diagnosis being diffuse large B cell lymphoma [27] . Fine needle aspiration, core biopsy, and excision biopsy are effective techniques in its diagnosis; however, sometimes, immunohistochemical and genetic studies may be necessary for establishing the diagnosis. Usually, cytomorphological features are clear cut but rarely may be confused with other small round cell tumor like PNET/Ewing's breast and small cell carcinoma breast which again are extremely rare at this location. LCA, CD99, and synaptophysin can be effectively used to differentiate them. On cases of breast lymphoma, mastectomy is not recommended because it offers no benefit as regards to survival or recurrence. The most common therapy used is CHOP therapy as used in our case as well. It is important to differentiate between lymphoma and other SRCT that may occur at this location due to significant difference in their treatment plan as well as chemotherapeutic agents used.
To conclude, infiltrating duct carcinoma and fibroadenoma are the most common breast lesions presenting as lump, constituting more than two thirds of breast pathology reporting, but clinician, pathologists, and surgeons may encounter many unusual entities which should be diagnosed with caution since the management may vary, thereby effecting the overall survival and prognosis of the patients. Histopathology has been a gold standard for the diagnosis and predicting the prognosis. In this article, we described several rare and unusual lesion of breast which may have varied differentials and different prognosis. Using information gained from this study pathologist, clinician and surgeons will be able to diagnose and manage such patients in a better way.
